Since the discovery of the Toll-like receptors (TLRs) as crucial receptors recognizing microbial components and alerting the immune system (reviewed in reference 4), healthy and patient populations have been screened for polymorphisms in their tlr2 and tlr4 genes to determine whether such polymorph isms may be risk factors for bacterial infections. Results obtained up to now have been inconclusive, as only a few carriers of polymorphisms have been identified in small populations and functional assays of the patients' ability to respond to bacterial stimuli were often not performed. We genotyped 160 volunteers for the Asp299Gly polymorphism of tlr4 and assessed their basal and inducible cytokine release levels. Although the heterozygous Asp299Gly polymorphism has been reported to be a defective polymorphism, our data (10) and a study performed by Erridge et al. (1) do not support any functional consequence of this polymorphism on the inflammatory response.
A mutation screen of 110 healthy volunteers found only one missense mutation of tlr2 (Arg753Gln) in the open reading frame (5) . Functional studies of that polymorphism in transfected cells showed a diminished response to peptides derived from Borrelia burgdorferi and Treponema pallidum; however, the incidence of the polymorphism was not higher in a septicshock population than in healthy volunteers (5) . The immunostimulatory principles of borreliae and treponemata are not yet clearly defined. We have developed an isolation procedure for lipoteichoic acid (LTA) from gram-positive bacteria which yields highly pure, bioactive LTA (6) that requires TLR2 for signaling (3) . LTA from Staphylococcus aureus was synthesized chemically on the basis of the proposed structure and found to have biological activity comparable to that of purified natural LTA (8 LTA induces more chemokine and anti-inflammatory activity than four different LPS in concentrations that induce equal amounts of TNF-O'. Four LPS from different bacterial species were employed in concentrations inducing the same amount of TNF-O' as 10 fLg of LTA/ml in a whole-blood incubation. Mediators in the supernatants were measured by ELISA. Data are means ± standard errors of the means for seven healthy donors from one of three similar experiments (repeated-measures analysis of variance followed by Dunnett's multiple-comparisons test). n.s., not significant. deficient) and TLR2 knockout mice and found to be only TLR4 dependent. These LPS were employed in concentrations that induced the release of the same amounts of tumor necrosis factor alpha (lNF-a) as 10 fLg of LTA/ml did, as measured by an enzyme-linked immunosorbent assay (ELISA) after overnight incubation of 20% whole blood performed as previously described (10) (Fig. 2) . All LPS, when calibrated to TNF-a release, also induced the release of uniform amounts of the other mediators measured, indicating a common activation pattern of LPS in general. LTA, in comparison to these LPS, tions. From these data, the cytokines TNF-oc, IFN-)', IL-8, and IL-lO were chosen to represent the overall cytokine pattern induced by the two different stimuli.
To investigate the impact of the Arg753Gln TLR2 polymorphism on inflammatory responses, we screened DNA of 160 healthy volunteers by restriction fragment length analysis as previously described (9) and found a heterozygous TLR2 polymorphism prevalence of 6.3%. Blood from 6 heterozygous subjects and 12 wild-type controls was stimulated in parallel (by experimenters who were blind to the blood's TLR2 status) with LTA from B. subtilis and S. aureus, live S. aureus (DSM 20233), or receptor-independent phorbol ester (PMA), and the levels of the proinflammatory cytokines TNF-oc and IFN-)', the chemokine IL-8, and the anti-inflammatory cytokine IL-lO released were measured. As shown in Fig. 3 , the subjects with the heterozygous polymorphism responded to LTA from B. subtilis with sensitivities and quantities of cytokine release similar to those of the wild-type subjects. Furthermore, the cytokine responses of the two groups to LTA from S. aureus, live S. aureus, or PMA were not significantly different for any parameter measured ( Table 1 ). The batch of LTA from S. aureus employed in these experiments was less potent in inducing cytokine responses than the B. subtilis preparation. However, the lower potency of S. aureus LTA represents no general phenomenon.
Taking these data together, we report for the first time responses to highly purified LTA which are stronger than those inducible by LPS titrated to equal TNF-oc induction levels, showing that LTA is not just a weaker endotoxin but also a potent stimulus in its own right. The transfection results presented here show that the TLR2 polymorphism at position 753 is a functional knockout of LTA stimulation, similar to the TLR4 polymorphism at position 299 for LPS. However, the inflammatory response of heterozygous carriers of the polymorphism to TLR2 agonists was not different from that of wild-type controls, indicating that one allele carrying a nonfunctional TLR2 polymorphism is compensated by the second allele. These data complement previous studies on the TLR4 polymorphism, which found no difference in the responses to LPS in the blood of heterozygous donors and even one homozygous donor (1, 10) . Polymorphisms in the TLRs do not appear to be responsible for differences in cytokine responses or, by extrapolation, vulnerability to bacterial infections. Effectof heterozygous Arg753Gln TLR2 polymorphism on the cytokine response to LTA from B. subtilis. Whole blood from volunteers (12 homozygous wild-type and 6 heterozygous TLR2 individuals)was stimulatedwith LTA from B. subtilis, and cytokine release was measured by ELISA. Data are presented as means ± standard errors of the means (differences were not significant at any concentration).
did not induce measurable gamma interferon (IFN-)') (data not shown), as expected on the basis of an earlier study (2) , but induced significantly higher levels of the anti-inflammatory cytokines granulocyte colony-stimulating factor (G-CSF) and interleukin-l0 (IL-lO) and of the chemokines (Fig. 2) . There are not yet any clear indications in the literature of how the signal transduction pathways differ between LPS and LTA apart from the use of different TLRs, i.e., TLR4 for LPS and TLR2 for LTA (3) . The data discussed here strongly indicate that the pathways do not simply converge, and these data demand further investigation. It is tempting to correlate the pronounced induction of IL-8 and G-CSF, both involved in neutrophil attraction and recruitment, by LTA with the wellknown pus formation typical for many gram-positive infec-
